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PREFATORY NOTE 


THIS report describes a full-scale experiment carried out by the 
Building Research Station with the object of investigating the 
effect on the speed of building of using blocks and bricks of various 
dimensions and weights. The investigation, which forms a sequel to 
earlier work carried out at the Station and which was described in the 
technical press (Bonnell, D. G. R., D. W. Aldred and L. W. Baldwin, 
“ Note on Methods of Bricklaying”, The Builder , 1944, 167 (5295), 
75-77), was mainly directed towards a comparison of the speeds 
attained with the common brick with those achieved with the larger 
types of block which have come into use in more recent years. The 
results showing the relative man-hours required for laying equal areas 
of walling with building units of varying size and weight should be 
generally applicable, but the relative cost figures derived from them 
will need recalculation to meet the varying conditions of any individual 
building or site. 

Acknowledgement is made of help received from the Chief Scientific 
Adviser’s Division of the Ministry of Works by the loan of staff to 
assist in the observing work. 

F. M. LEA, 

Director of Building Research 

Building Research Station , 

Garston y Watford , 

Herts. 
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A WORK STUDY IN BLOCKLAYING 
General Introduction 


BRICKS have been used continuously in England since the early 13th century 
and have found application in the construction of all manner of buildings from 
cottages to cathedrals. 

A remarkable feature of the common brick has been a general adherence 
throughout the centuries to the original dimensions of length and width, namely 
9 inches and 4^ inches respectively, while the thickness has steadily increased from 
i-| inches in the early English brick to nearly double that thickness in modern times. 
There have been statutory rules relating to brick sizes as early as Elizabethan times 
and at intervals until the present day. To-day British Standard Specification 657 
defines bricks in two sizes which differ only in thickness, namely, 8| in. X 4 in. 
X 2 1 in. and 8| in. X 4^- in. X 2J in. 

In spite of edicts ancient and modern, there is still no real uniformity in the 
height or thickness of bricks : in Southern England a common brick thickness is 
2f in., in Northern England 3 in. and in Scotland 3£ in.~3j in. In the light of 
such conservatism, it is clear that any major revision of brick size would constitute 
a radical change in an industry as traditional as building. 

Parallel with the development of brickwork, natural stone masonry has had a 
history of its own. In areas where natural stone suitable for building has been 
abundant and brick-earth scarce, the former has in the past been the popular 
building medium. Such has been the position in parts of Northern England and 
most parts of Scotland. The use of natural stone has resulted in a technique quite 
apart from brickcraft. The origin and nature of stone has led to a separate mode of 
use as well as a different attitude to the size and shape of units. 

More recently, blocks of various sizes and compositions have come into fairly 
common use and have resulted in yet another technique which has naturally enough 
developed somewhere intermediately between brickcraft and natural stone masonry, 
Since any increase in block size much beyond that of the common brick introduces 
the serious consideration of weight, attention has been directed to the fabrication 
of building blocks from lightweight materials such as concrete from foamed slag 
aggregate as well as blocks from expanded clay. An alternative method of reducing 
block weight has been the design of blocks of a hollow structure. Blocks of clay 
and of concrete are larger than bricks, and indeed for the most part are multiples of 
the traditional brick module. The aim of these larger blocks has been to obtain a 
higher efficiency in handling, as it is considered by many that the common brick of 
approximately 6 lb. does not provide the most efficient hand load for the bricklayers 
and that the activity associated with the laying of a brick is excessive in relation to 
the volume of wall which it represents. It seems reasonable to suppose that the 
traditional brick of 4^ in. width was adopted, perhaps unwittingly, as the most 
convenient size for a single-hand grasp, and the length of 9 in. for reasons of bonding 
with this 4^ in. width. It is certainly true that a block appreciably larger than this 
cannot be handled conveniently with one hand by the average man unless some 
handle device is incorporated. (See the hollow clay block, Plate 8.) While it 
must be acknowledged that there are aesthetic considerations in the choice of brick 
sizes, this does not arise where houses have a finish of external rendering, and 
these represent a large proportion of present-day building. 
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Although the common brick is of such a size that wall building is slower than 
with the larger blocks, the brick by virtue of its small size lends itself readily to 
almost all features of modern house-building design with the minimum of cutting 
and the almost complete exclusion of “ specials ”. This flexibility in use is not 
shared by most types of blocks, as these by very reason of their greater size require 
the inclusion of special “ sub-types ”, for few are of a composition or design suitable 
for cutting down. 

While it is generally conceded that the larger types of building blocks provide 
a potentially faster medium for wall construction, no data appear to have been 
published indicating either the effect of the size and weight of unit on speed of 
building or the optimum dimensions. It seemed evident that only by a large scale 
experiment could a reliable comparison be obtained. Such an experiment was 
therefore planned in which an accurate assessment of the labour consumption could 
be made on a number of houses of uniform design but constructed of different types 
and sizes of building units. In this way a direct comparison of the handling proper¬ 
ties between the bricks and building blocks used could be obtained. Although the 
primary object of this experiment was the comparison of bricks and blocks, much 
additional information has arisen from the data collected, and is discussed in the 
latter part of the report. 

Even under laboratory conditions, the accurate assessment of labour consumption 
is a matter of some difficulty, and under the conditions of a building site these 
difficulties are increased. Considerable pains must be taken to ensure that disturbing 
influences are eliminated or maintained within controllable limits. The methods 
employed and precautions taken in this experiment are accordingly described at 
some length in the early part of this report, together with an indication of the limits 
of experimental error. A statistical analysis of the data forms an appendix to the 
report. 

I. Application of Time Study to a 
Blocklaying Experiment 

In this section are given an outline of the fundamental concepts of time study 
and the technique of recording the absorption of time in productive work. 

A description is given of the application of time study to the building experiment 
and the accuracy of the method assessed. 

FUNDAMENTALS OF TIME STUDY 

Before discussing at length the method employed in this experiment it will 
repay to consider the basic system of time study. Essentially time study consists in 
measuring the production of useful work* over some fixed period of time, or 
conversely, in measuring the time required to complete a fixed quantity of productive 
work. Such measurements, were they carried out in a laboratory against the 
-production of some easily adjustable machine, would be a simple problem. Time 
study of the productivity of human beings working under the conditions of 
commercial production is, on the other hand a matter of considerable difficulty. 
The difficulties of making time studies under the latter conditions are two-fold and 


* The term “ work ” as used throughout this report refers to human effort and not to the 
term as used in the science of mechanics. 
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may be termed “ Variability of Method ” and “ Variability of Pace ”. These will 
be considered separately. 

Variability of Method —If an accurate time study is to be made, the activities 
of the worker under study must be so directed into some routine that the observer 
has some reasonable chance of anticipating the nature of the worker’s next move¬ 
ment: moreover, the movements made by the worker should be “ approved ” 
movements, that is, they should be movements which make a contribution to the 
work being done, and further they should as far as possible be the best and most 
economical movements to accomplish the object in view. Such a study of the 
method is termed “ Motion Study ”, and generally precedes the time study proper, 
although it is frequently made independently of time study, on account of its 
obvious usefulness in improving methods. In the subsequent pages some descrip¬ 
tion is given of the establishment of uniform methods as a preparatory stage of the 
experiments. 

Variability of Pace —Time measurements must be made with the assumption 
that the pace of the work effort during the period of timing is representative of the 
whole. It is on this feature, the variability of pace, that the main difficulty in time 
study lies. Wide variation in working rate may occur between different workers and 
even within the course of an individual’s work. 

There are two principal means whereby this difficulty of variable pace may be 
largely overcome : one is by selecting a sample large enough to eliminate the 
probability of serious error ; the other is to apply to each timing a compensating 
factor to correct for the deviation from some accepted standard rate of working. 

In the former method, which will be termed the Unrated Method , the actual 
elapsed time for the various elements of productive work is recorded and the mean 
value from a large sample reported as the representative time value for these 
elements. Such a method is simple and obvious and does not warrant further 
description. 

In the latter method, termed the Rated Method , each timing taken is adjusted 
by means of a “ rating index ”. This method is based on the belief that there is 
some recognisable rate at which any job should be done, and that the speed above 
or below that rate can be judged quantitatively by a trained observer. The assessment 
of pace is generally termed “ speed and effort rating ” and the accredited fair pace 
for any given job the Normal Rate. 

There are several definitions of the Normal Rate in current use, but the following 
may be taken as typical. 

1. “ The Normal Rate of working is the rate which an average man well suited 
to the work can maintain throughout the working day without feeling undue 
fatigue ”. 

2. “ The Normal Rate of working is the rate at which an average man well suited 
to the work will carry out the work expeditiously but without undue sense of 
urgency ”. 

While these definitions are expressed somewhat differently they do convey 
approximately the same idea. For ease of recognition the Normal Rate is frequently 
expressed as the effort rate of an average man walking at 3 miles per hour on the 
level, without load. 

As has been stated above, the Normal Rate is the common denominator to 
which all timings are reduced and is expressed numerically as the 60-rate. A 
working pace 25 per cent above Normal would be expressed as 75-rate while a speed 
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25 per cent below Normal would be taken as 45-rate. The mode of operating the 
system is demonstrated in the course of the report, but at this stage a few simple 
examples of the adjustment to Normal Rate may be useful. 

Examples : 48 secs. @ 50 rate = 40 Normal Seconds. 

35 secs. @ 65 rate =38 Normal Seconds. 

12 secs. @75 rate = 15 Normal Seconds. 

It might be supposed that since the assessment of effort rate is based on personal 
judgement, a large error can be expected. Experience has shown that such an 
error does not in fact occur when the assessment is made by properly trained 
observers. That training of this sort can be successful is borne out by the fact that 
in a similar manner, persons can be trained to judge the speed of passing traffic 
within narrow limits of error. The short duration of some elements is not an 
important consideration in the assessing of effort rates—the judgement of an observer 
is almost instantaneous so that a confident rating can be placed on a very short 
element: indeed the shortness of time intervals is virtually limited only by the time 
required to write down the figures. On the other hand, very long elements may lead 
to difficulty as changes in rate may occur within one element thereby compelling 
the observer to make a compromise. 

The conventional method of writing time and rating is “ 15/70 ”, the first figure 
denoting the time interval in seconds, the latter figure the rating in points. Ratings 
are generally taken to the nearest 5 points, i.e. 55, 60, 65, 70, and can be done with 
greatest accuracy between the limits of 40 and 90. Outside this range the judgement 
is less definite ; however, workers seldom work beyond these limits and if they 
consistently do so they are considered to be unsuitable subjects for study. It should 
be stressed that the study is of the job and not of the worker personally. The results 
apply to any other average worker doing the same work, providing he is using the same 
method. 

Such a study gives strictly the nett time for the operation, and while such times 
may be suitable for certain experimental work, in commercial practice where the 
values obtained may be used as a basis of payment, certain allowances must be made. 
Such allowances may be permitted for relaxation in the course of arduous work, 
personal allowances for private needs, or allowances made to relate human activity 
to that of machines employed in the process. When a margin of allowances has 
thus been made, the gross time is termed Standard Time. 

From this brief description, the basic system of time study will be readily 
recognised as the method underlying the experimental work described in this report. 

PRACTICAL APPLICATION OF TIME STUDY TO 
EXPERIMENTAL BLOCKLAYING 

The experiment which forms the subject of this report was designed to yield 
comparative data on the ease and speed of laying of building units of different size 
and weight. It consisted of the building of ten pairs of semi-detached houses of 
uniform design (Plate 1), each pair of houses being constructed of a different type of 
block or combination of blocks. The nature of the building materials, as features 
of the respective houses, is given in Table I and illustrated in Plate 2. The houses 
were all constructed with cavity walls or with cored blocks. 
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TABLE i 


HOUSE NOS. 

OUTER LEAF 

INNER LEAF AND 

PARTY WALL 

EXTERNAL 

FINISH 

9 and 10 

Common fletton (keyed) 

Common fletton (keyed) 

Rendered 

11 and 12 

Hollow clay block 

)) 

13 and 14 

18 in. X 9 in. X 6 in. lightweight concrete cored block 

>> 

15 and 16 

18 in. X 9 in. X 9 in. lightweight concrete cored block 

yy 

17 and 18 

18 in. X 9 in. X 9 in. dense concrete cored block 

yy 

19 and 20 

18 in. X 3 in. X 9 in. 
lightweight concrete 
slab 

18 in. X 3 in. X 9 in. 
lightweight concrete 
slab 


21 and 22 

18 in. X 3 in. X 9 in. 
dense concrete slab 

18 in. X 3 in. X 9 in. 
lightweight concrete 
slab 

Facing 

slab 

31 and 32 

Rustic fletton 

18 in. X 3 in. X 9 in. 
lightweight concrete 
slab 

Facing 

brick 

33 and 34 

Rustic fletton 

Common fletton (keyed) 

Facing 

brick 

35 and 36 

Rustic fletton 

18 in. X 3 in. X 9 in. 
lightweight concrete 
slab 

Facing 

brick 


Although 10 pairs of houses were constructed, houses 35 and 36 were identical 
in every way with houses 31 and 32, so that effectively only nine different methods 
of construction were compared though data on parts of houses 35 and 36 were used 
in the statistical analyses (see Appendix I). Houses 31 and 32 and 35 and 36, the 
so-called “ Type B ” differed superficially from the other houses, but such differences 
were not considered significant. 

The building units used included bricks and blocks employing one hand, blocks 
requiring both hands, and blocks requiring two men to handle, thus covering the 
range of units most likely to be met with in the industry. 

The observing work was carried out by a number of observers, most of whom 
had had considerable prior experience of time study in industry. The building 
was done by a team of bricklayers selected for the work. These bricklayers were 
typical of their craft, and as far as possible, within the small group involved, gave a 
good cross-section of their kind. 

In order to eliminate the “ learning period ” from the actual house building 
experiment, especially since new types of building units were to be emplpyed, the 
bricklayers were set to build specimen walls of the new r materials as preparatory 
work for the main experiment. These walis were designed to include all the features 
occurring in the house design, and in addition to fulfilling the original object these 
trials provided valuable information for the control of the main experiment. Plates 
3 and 4 show typical examples of “ learning ” walls. 

Though the prime purpose of this experiment was the direct comparison of the 
blocks, the opportunity was present (providing the study could be carried out in 
sufficient detail) for collecting data potentially suitable for several other purposes. 
In order to take full advantage of this the ideal requirements would have been the 
recording of every motion made by the bricklayers. It was realised, however, that 
in order to keep the work entailed within reasonable bounds, some limits must be 
set on the number of divisions of the records. Having this in mind, the readings 
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were set down under four headings “ [S] ” “ [B] ” “ [M] ” “ [X] ” which are 
defined below. 

[S] spreading mortar : Action consisted in picking up mortar from the 

board, depositing on wall, and spreading for 
approximately 27 inches, i.e., for three stretcher 
lengths for bricks and 48 inches for the larger 
blocks. 


[B] laying brick or block : Picking up brick or block, “ buttering ” one end 

with mortar to form the vertical joint, transferring 
the block to wall, placing in position and wiping 
off the excess mortar. 

[M] measuring : This group included plumbing, measuring and 

setting the line. The symbol used was [M] but 
the nature of the measurement was indicated 
alongside the symbol, thus “ [M]—plumb ”. 

[X] MISCELLANEOUS : Under this heading was included any productive 

action not already accounted for. Again the 
occurrences were itemised thus “ [X]—cut 
brick 


It will be seen that under these four headings must be recorded all elements 
of work that could occur in the bricklaying. 

The observing work is arduous, particularly in the study of small units like 
bricks, and in order to provide relief for the observers, without increasing the staff 
unduly, an economy in observing work was obtained by omitting the study in some 
instances of walls which occurred in duplicate, for example, only one of the two 
gable walls on each building was studied as these were regarded as virtually 
identical. In practice, study was made of one or other of the walls at alternate levels 
in order to eliminate any possible hidden differences arising from their respective 
orientation. 

For ease of reference and recording, a system of notation was developed for the 
identification of the segments of the house plan. This notation is illustrated in 
Fig. 1. It will be noted that quoins are indicated by single letters thus, “A” and 
panels by double letters, thus “AE”. 



Four bricklayers and four observers were engaged at any one time, one observer 
studying each bricklayer. In order to eliminate any bias of judgement, the maximum 
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number of combinations of bricklayers and observers were employed, and these 
changed as frequently as possible. Although four bricklayers and four observers 
was the maximum used at any one time throughout the experiment, eight different 
observers and nine different bricklayers were used at various times. 

In order to obtain the maximum control of the system, the progress of the work 
and the order of executing the various parts of the wall were standardized. To avoid 
the complication arising from varying sizes of plumbed quoins, which would clearly 
influence the time consumed (since bricks are laid more quickly to the line than by 
the spirit level) each lift of quoin was fixed at 18 inches high (Plate 5). This 
effectively maintained a constant relationship between bricks laid to the line and 
those laid to the spirit level, although in a few instances, the bricklayers did not 
follow the instructions implicitly and while they built to 18 inch height they 
included more bricks laterally : this accounts for the high figures for a few of the 
quoins. Compensation occurred in somewhat smaller adjacent panels. 

Referring again to the plan diagram (Fig. 1), work was done on the first lift of 
quoins Ax, Bi, Ci and Di by the four bricklayers, one man to each quoin. All four 
quoins were completed to 18 inches in approximately the same time : those brick¬ 
layers finished first waited for the others. When the quoins were complete, 
bricklayers a and c commenced building panels AC, each man working from his 
respective corner towards the mid point L. Simultaneously, bricklayers b and d 
commenced the building of panel BD,. When the end walls were thus completed 
to 18 inch height, the bricklayers returned to their respective corners and com¬ 
menced building AE,, BE,, CF,, and DF,. In this way a wall 18 inches in height 
was laid round the house in three operations. As the party wall EF, remained to be 
done and there was not work for four bricklayers, a and c from their respective ends 
each laid this wall to the point K, while b and d rested. (On the next lift of 



FIG. 2. ISOMETRIC MODEL OF HOUSE SHOWING NOTATION 
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18 inches, b and d laid the wall whilst a and c rested.) When the party wall was 
complete all four bricklayers returned to their respective corners and commenced 
the second lift of quoins A 2 , B 2 , C 2 and D 2 . Fig. 2 is an isometric model of the 
house and clearly displays the locations of quoins and panels. Plate 5 demonstrates 
these features on the gable wall of an actual house. 

As shown in Plate 1 the houses were of pitched roof design but were studied only 
to eaves level all round, the upper gables being completed subsequently with the 
remainder of the house. In other words, the houses were considered for the purpose 
of the experiment to have been of hipped roof design, in which case the end walls 
would have stopped at eaves level. 

To recapitulate at this stage, the foregoing paragraphs describe the routine which 
was adopted in the practical building operations and the grouping of the actions 
under the headings “ [S] ” “ [B] ” “ [M] ” and “ [X] ”. The section entitled, 
“ Fundamentals of Time Study ” gives the details of the technique of assessing the 
time allowances for each element of work. It is clearly but a short step to the account¬ 
ing of the bricklayer’s productive time on the site. Fig. 3 is a specimen work sheet. 
The headings show the information required to identify the section of wall in the 
manner described earlier. 

It must be emphasised that all productive time was accounted for : once the 
stopwatch was started it was not again stopped until the study was complete ; all 
productive time appears under one of the four element group headings. Non¬ 
productive time was recorded separately. 

At the end of each day the work sheets were collected and computing and 
statistical examination were carried out without delay, so that queries could be 
answered by the observers without undue lapse of time. The normal and actual 
times for each quoin and panel were calculated and the total normal and actual times 
for each pair of houses estimated from these figures. When a panel or quoin had 
not been studied the time for an identical panel or quoin which had been studied was 
taken. Since most of the panels and quoins studied could be split up into pairs of 
identical units it was possible, from comparisons of identical units, to obtain an 
estimate of the experimental error. Details of the analysis are given in Appendix I 
and the results are summarized in Table 2. 

TABLE 2 

EXPERIMENTAL ERROR OF RATED AND UNRATED TIMES 


HOUSE NOS. 

EXPERIMENTAL ERROR AS % OF 
TOTAL TIME 

RATED 

UNRATED 

9 and 10 

± 3*2 

± 3*9 

11 and 12 

± 2*3 

± 3 *o 

13 and 14 

± 5*9 

± 6-o 

15 and 16 

± 4'8 

± 4*5 

17 and 18 

± 5 *o 

± 4*2 

19 and 20 

± 4-4 

± 3*7 

21 and 22 

± 3'5 

± 3*6 

31 and 32 

± 5 ‘i 

± 4*3 

33 and 34 

± 3*3 

± 2*6 


These results show that for most houses the experimental error is within ± 5 per cent of 
the total time. This figure is based on the 99 per cent confidence limits, that is to say, if 
we assume the true time for a pair of houses to lie within ± 5 per cent of the calculated time 
we shall be wrong only once in a hundred times. 
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II. Comparative Labour Consumption in 
Laying Bricks and Blocks 

In this section a comparison is made of the labour consumption in building 
houses of uniform design in a range of building units from common bricks to large 
concrete blocks. 

Details are given of the building units used, followed by a quantitative comparison 
in graphical and in tabular form. 

A DETAILED DESCRIPTION 
OF THE HOUSES 


TABLE 3. houses 9 and 10. (See Plates 6 and 7) 


Type of Wall Structure 

11 in. cavity wall. 

Type of Block .. 

Outer leaf — Common fletton (keyed) 

8f in. X 4-& in. X 2f in. 

Inner leaf — Common fletton (keyed) 

8f in. X 4& in. X 2§- in. 

Party wall—Common fletton (keyed) 

8f in. X 4 -& in. X 2| in. 

Weight of Block 

5 F -6 lb. 

Mortar . . 

Machine mixed i : i : 6 cement : lime : sand. 

Scaffolding 

Bricklayer’s scaffold. 

Outside and inside and both sides of party wall. 

4 ft. 6 in. lift. 

External Finish 

Rendered and Tyrolean rustic finish. 


This house of common brick construction was the control for the experiment. Work 
was carried out in a strictly traditional manner except for the controlled quoins and panels 
described elsewhere. 


TABLE 4. HOUSES 11 and 12. (See Plates 8 and 9) 


Type of Wall Structure 

6 in. wall with 2 in. cavity formed by hollow within the 
clay block. 

Type of Block . . 

External and party walls — hollow clay block 9 in. X 

6 in. X 5^ in. 

Weight of Block 

10-11 lb. 

Mortar . . 

Machine mixed 1:1:6 cement: lime : sand. 

Scaffolding 

Bricklayer’s scaffold. 

Outside only and one side of party wall. 4 ft. 6 in. 
lift. 

External Finish 

Rendered and Tyrolean rustic finish. 


Although houses 11 and 12 were rendered, a course dictated by considerations beyond 
the scope of this report, the blocks used were suitable for facing work. Results are given for 
these houses in terms of facing finish as well as of “ rough ” finish for rendering. 
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LABOUR CONSUMPTION 


TABLE 5. houses 13 and 14. (See Plates 10 and 11) 


Type of Wall Structure 

9 in. hollow wall formed by cored blocks. 

Type of Block .. 

External and party walls — lightweight concrete cored 
blocks 17! in. X 8£ in. X sf in. 

Weight of Block 

30-35 lb. 

Mortar 

Machine mixed 1:1:6 cement : lime : sand. 

Scaffolding 

Bricklayer’s scaffold. 

Outside only and one side of party wall. 4 ft. 6 in. 
lift. 

External Finish 

Rendered and Tyrolean rustic finish. 


This block is a two-hand lift for one man, the weight being 30-35 lb. As with other 
blocks of this type, the vertical mortar joints were made on the edges only in order to give 
discontinuity across the joint, thereby avoiding capillary transfer of moisture. This effect is 
achieved on the horizontal bed by mortaring only the outside ridges and leaving the cross 
webs clear. A half block was the only special used. 


TABLE 6 . houses 15 and 16. (See Plates 12 and 13) 


Type of Wall Structure 

9 in. hollow wall formed by cored blocks. 

Type of Block . . 

External and party walls — lightweight concrete cored 
blocks 17-f in. X 8£ in. X 8|- in. 

Weight of Block 

45-50 lb. 

Mortar 

Machine mixed 1:1:6 cement : lime : sand. 

Scaffolding 

Bricklayer’s scaffold. 

Outside only and one side of party wall. 3 ft. 0 in. 
lift. 

External Finish 

Rendered and Tyrolean rustic finish. 


This block is a two-hand lift for one man, the weight being 45-50 lb. Half blocks were 
necessary and blocks of 6 in. height were used under certain window cills. 


TABLE 7. houses 17 and 18. (See Plates 14 and 15) 


Type of Wall Structure 

9 in. hollow wall formed by cored blocks. 

Type of Block .. 

External and party wall—dense concrete cored blocks 
17! in. X 8|- in. X 8| in. 

Weight of Block 

75-80 lb. 

Mortar 

Machine mixed 1:1:6 cement: lime : sand. 

Scaffolding 

Bricklayer’s scaffold. 

Outside only and one side of party wall. 3 ft. 0 in. 
lift. 

External Finish 

Rendered and Tyrolean rustic finish. 


This block is a two-man lift, the weight being 75-80 lb., and so necessitated four extra 
labourers for the building of these houses. Half blocks and blocks of 6 in. height were 
employed as “ specials ”. 


























A WORK STUDY IN BLOCKLAYING 


TABLE 8. houses 19 and 20. (See Plates 16, 17 and 18) 


Type of Wall Structure 

9 in. cavity wall formed by two leaves of 3 in. thick slabs. 

Type of Block . . 

External walls ' and party wall—lightweight concrete 
slabs 17I- in. X 3 in. X 8|- in. 

Weight of Block 

20-25 lb. 

Mortar 

Machine mixed 2:1:6 cement : lime : sand. 

Scaffolding 

Mason’s scaffold. 

Inside and outside and both sides of party wall. 

4 ft. 6 in. lift. 

External Finish 

Rendered and Tyrolean rustic finish. 


This slab was a two-hand lift for one man. No specials were used except half slabs as 
these slabs lend themselves to easy cutting. On account of the low stability of these slabs 
during erection, independent scaffolding was necessary on both sides of external and party 
walls. 


TABLE 9. houses 21 and 22. (See Plates 19, 20 and 21) 


Type of Wall Structure 

9 in. cavity wall formed by two leaves of 3 in. thick slabs. 

Type of Block . . 

Outer leaf — dense concrete facing slab 17! in. X 3 in. 

X 8 j in. 

Inner leaf and party wall — lightweight concrete slab 
I 7 » in. X 3 in. X 8|-in. 

Weight of Block 

Dense concrete facing slab 30-35 lb. 

Lightweight concrete slab 20-25 lb. 

Mortar 

Machine mixed 2:1:6 cement : lime : sand. 

Scaffolding 

Mason’s scaffold—inside and outside and both sides of 
party wall. 4 ft. 6 in. lift. 

External Finish 

Facing slab — “ ironed ” joints. 


Dense concrete and lightweight concrete slabs are each a two-hand lift for one man, the 
weights being respectively 30-35 lb. and 20-25 lb. 

Specials were required in dense concrete slabs : half and three-quarters lengths, as well 
as full length in 6 in. height. 


TABLE 10. houses 31 and 32. (See Plates 22, 23 and 24) 


Type of W’all Structure 

10 in. cavity wall. Outer leaf rustic fletton bricks, inner 
leaf and party wall lightweight concrete slabs. 

Type of Block 

Outer leaf — rustic fletton brick 8f in. X 4^- in. X 

2$ in. 

Inner leaf and party wall — lightweight concrete slabs 
17I in. X 3 in. X 8§- in. 

Weight of Block 

Rustic fletton brick 5J -6 lb. 

Lightweight concrete slabs 20-25 lb. 

Mortar 

Machine mixed 1:1:6 cement : lime : sand. 

Scaffolding 

Outside—bricklayer’s scaffold ; inside and both sides 
of party wall—independent scaffold ; lift 4 ft. 6 in. 

External Finish 

♦ Facing brick — “ ironed ” joints. 



























LABOUR CONSUMPTION 

TABLE ii. houses 33 and 34. (See Plates 25 and 26) 


Type of Wall Structure 

11 in. cavity wall. Outer leaf, rustic flettons. Inner leaf 
and party wall, common flettons (keyed). 

Type of Block . . 

Rustic facing flettons and common flettons (keyed). Both 
types of brick 8f in. X 4^- in. X 2& in. 

Weight of Block 

5L-6 lb. 

Mortar 

Machine mixed 1:1:6 cement: lime : sand. 

Scaffolding 

Bricklayer's scaffold. 

Inside and outside and both sides of party wall. 

4 ft. 6 in. lift. 

External Finish 

Facing brick—“ ironed ” joints. 


RESULTS OF THE BLOCKLAYING EXPERIMENT 

The method of carrying out the time study has been described already and 
illustrated in the work study sheet (Fig. 3). Excepting for portions of the wall 
omitted for reasons of economy (see Part I), the study was made brick by brick and in 
all, approximately 200,000 time readings were recorded. On summation these 
gave the results shown in Table 12. In this Table are recorded the total times 
expressed both as “ rated ” and “ unrated ” times for the building of the external 
walls and party walls of each pair of houses and also the possible experimental error 
on each value derived from the data of Table 2. 

TABLE 12. COMPARATIVE TIMES OF WALL BUILDING 


HOUSE NOS. 


BUILDING UNIT 


9 and 10 
11 and 12 
13 and 14 

15 and 16 


Common fletton 11 in. cavity wall 
Hollow clay blocks 

18 in. X 9 in. X 6 in. lightweight con¬ 
crete cored blocks. 

18 in. X 9 in. X 9 in. lightweight con- 


17 and 18* 
19 and 20 

21 and 22 

31 and 32 
33 and 34 


crete cored blocks. 

18 in. X 9 in. X 9 in. dense concrete 
cored blocks 

Inner leaf—18 in. 3 in. X 9 in. light- "'j 

weight concrete block . . . . 1 

Outer leaf—18 in. X 3 in. X 9 in. light- f 
weight concrete block . . . . J 

Inner leaf—18 in. X 3 in. X 9 in. light -1 
weight concrete block .. . . 

Outer leaf—18 in. X 3 in. X 9 in. dense f 
concrete block . . . . .. J 

Inner leaf—18 in. X 3 in. X 9 in. light -1 
weight concrete block . . . . > 

Outer leaf—rustic fletton 


Inner leaf—common fletton 
Outer leaf—rustic fletton 


} i 1 in, 
cavity 
wall 


I 


RATED 

TIMES 

(Bricklayer- 

Hours) 


195 ± 6-2 
109 ± 2 5 
77 ± 4*5 

57 ± 2*7 

50 ^2*5 

90 ± 4*0 


109 ± 3-8 
173 ± 8-8 
239 ± 7*9 


UNRATED 

TIMES 

(Bricklayer- 

Hours) 


184 ±7-2 
107 ± 3-2 
71 ± 4*2 

56 ± 2*5 

48 ± 2-0 

89 ± 3*3 


110 i 4-0 


166 i 7'2 
219 ± 5*7 


Each bricklayer is assisted by one labourer. 
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A WORK STUDY IN BLOCKLAYING 


Fig. 4 gives a graphical expression of the consumption of bricklayer time for 
each pair of houses and presents the time consumed in relation to the size of the 
block. Block size is expressed as effective volume in terms of bricks, e.g. concrete 
block, 18 X 9 X 9 in. is effectively equivalent to 12 bricks, the hollow clay block to 
4 bricks. 

While some houses were of facing finish others were finished rough for rendering 
and the houses have therefore been divided into two groups and appear as separate 
lines on Fig. 4. 

Table 12 and Fig. 4 show that the difference in time for laying bricks and the 
larger blocks is very considerable and Fig. 4 further shows that the time of laying is 
inversely related to the block size. 

Houses 11 and 12 were constructed of hollow clay blocks which were suitable 
for facing finish, although similar blocks may be left rough for rendering. In this 
experiment, rendering was intended, and the times obtained were for a rough 
finish ; the times for building in hollow clay blocks to a facing finish however have 
been calculated by the inclusion of a suitable time value for pointing and otherwise 
working to a fair face standard of finish. Similarly the external leaf of Houses 31 
and 32 was built of facing brick but might well have been constructed of common 
bricks for rendering, in which case the time value for these houses would have 
appeared on the curve for houses to be rendered : such a point has been calculated 
by the exclusion of pointing time and is shown in Fig. 4. 

In houses 17 and 18 the blocks used were a two-man lift, and each bricklayer 
was assisted full-time by an unskilled man. Clearly the position of these concrete 
blocks on the scale of comparative handling efficiency depends on whether it is 
regarded in the light of expenditure of skilled bricklayers or the expenditure of total 
wages. Since both Table 12 and Fig. 4 are concerned with bricklayers' time, the 
time consumed by these houses is reported as 50 bricklayer-hours and not as 100 
man-hours, although the latter figure is reflected in the final costs. As only one 
type of block requiring two men was examined, it is impossible to forecast the time 
consumption of other sizes ; but since the concrete block employed was selected 
on account of its being the one most commonly used and readily available, it 
seems improbable that it is of the optimum size and weight in this material for use 
by two men. It can be deduced from the analyses of productive time that the 
assisting labourer is employed for only about 10 per cent of his time, so that the 
labour efficiency of this block is low. On total labour cost these dense concrete 
blocks show a somewhat higher figure than the corresponding lightweight blocks 
(Nos. 15 and 16) while they are inferior in some properties such as thermal insula¬ 
tion. Since their cost was not lower the use of the heavier dense concrete block 
appears therefore to offer no advantage. 

From the general trend of the lower curve in Fig. 4 it appears that, for a “ one- 
man ” block, but little further saving in time can be expected from a further increase 
in block size above that of the 12 brick-equivalent unit. It would seem that the 
optimum size of a block for a one-man lift is reached at or near to the 12 brick-equiva 
lent in such materials. 

It must be emphasised that to the lower curve of Fig. 4 must be added the 
rendering time in order to make these houses comparable with the houses of facing 
finish. 

Table 13 gives a study of the costs of wall building in the range of materials. 
The complete details from which these figures are derived are given in Appendix II. 
Materials’ costs are based on prices for 50 houses in the Home Counties Region on 



PLATE I. VIEW OF EXPERIMENTAL HOUSES ON COMPLETION 
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EXAMPLES OF SPECIMEN LEARNING WALLS 





PLATE 5. PANEL NOTATION SHOWN ON GABLE WALL OF HOUSE 













PLATE 6. houses 9 and 10. common fletton (keyed) 



PLATE 7. COMPLETED l8 INCH QUOIN IN COMMON FLETTON (KEYED) 















PLATE 8. houses 11 and 12. hollow clay blocks 


Key to Plate 8 

1. Stretcher block. 

2. Half stretcher block. 

3. Half jamb block. 

4. Jamb block. 

5. Quoin block. 



PLATE 9. WALL IN COURSE OF CONSTRUCTION IN HOLLOW CLAY 

BLOCKS 






PLATE 10 . LIGHTWEIGHT CONCRETE CORED BLOCKS USED IN HOUSES 
13 AND 14. FULL AND HALF BLOCK 



PLATE II. HOUSES 13 AND 14. GENERAL VIEW SHOWING PARTY 
WALL. l8 IN. X 9 IN. X 6 IN. LIGHTWEIGHT CONCRETE BLOCKS 








PLATE 12. 


BLOCKS USED IN HOUSES 15 AND l6 


Key to Plate 12 

1. Full block 18 in. X 9 in. X 9 in. 

2. Half block 9 in. X 9 in. X 9 in. 

3. Block 18 in. X 9 in. X 6 in. 



PLATE 13. SPREADING MORTAR BED FOR 18 IN. X 
9 IN. X 9 IN. LIGHTWEIGHT CONCRETE BLOCKS 






PLATE 14. BLOCKS USED IN HOUSES 17 AND 18 
Key to Plate 14 

1. Full block 18 in. X 9 in. X 9 in. 

2. Half block 9 in. X 9 in. X 9 in. 

3. Block 18 in. X 9 in. X 6 in. 


PLATE 15. 


LAYING l8 IN. X 9 IN. X 9 IN. DENSE CONCRETE CORED 
BLOCKS (NOTE THE TWO-MAN OPERATION) 





PLATE 1 6 . LIGHTWEIGHT CONCRETE SLABS USED IN HOUSES 19 AND 20. 
FULL AND HALF SLABS 



PLATE 17. PLUMBING 18 IN. QUOIN IN l8 IN. X 3 IN. X 9 IN. 
LIGHTWEIGHT CONCRETE SLABS 





PLATE l8. LAYING 18 IN. X 3 IN. x 9 IN. LIGHTWEIGHT 

CONCRETE SLABS 









PLATE 20. HOUSES 21 AND 22. VIEW OF I 8 IN. QUOIN AND PARTLY 

FINISHED PANEL 


PLATE 19. SLABS USED IN HOUSES 21 AND 22 


Key to Plate 19 

1. Full slab 18 in. X 3 in. X 9 in. dense concrete facing slab. 

2. Three-quarter slab 13-J in. X 3 in. x 9 in. dense concrete. 

3. Half slab 9 in. X 3 in. X 9 in. dense concrete. 

4. Dense concrete slab 18 in. X 3 in. X 6 in. 

5. Plalf slab 9 in. X 3 in. X 9 in. lightweight concrete. 

6. Full slab 18 in. X 3 in. X 9 in. lightweight concrete. 











mi M 





PLATE 22. BLOCKS USED IN HOUSES 3 I AND 32 

Key to Plate 22 

1. Rustic fletton facing brick. 

2. Full slab 18 in. X 3 in. X 9 in. lightweight concrete. 

3. Half slab 9 in. X 3 in. X 9 in. lightweight concrete. 




















PLATE 24. HOUSES 31 AND 32. CONSTRUCTING LINTEL IN REINFORCED 
BRICKWORK. (OUTER LEAF, RUSTIC FLETTONS—INNER LEAF, 1 8 IN. X 
3 IN. X 9 IN. LIGHTWEIGHT CONCRETE SLABS) 






PLATE 25. BRICKS USED IN HOUSES 33 AND 34 


Key to Plate 25 

1. Rustic flettori facing brick. 

2. Common fletton keyed brick. 



PLATE 26. GENERAL VIEW 


OF HOUSES 33 AND 34 
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FIG. 4. CONSUMPTION OF BRICKLAYER TIME IN RELATION 

TO BLOCK SIZE 
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April 1 st, 1947, except for the fletton bricks and hollow clay blocks for which the 
prices refer to the Central London area. It should be particularly noted that the 
fletton brick, which in that area is one of the cheapest of bricks, has been taken as the 
standard for comparison and that in districts where brick prices, or the ratio of 
brick to block prices, are higher, the costs will be more favourable to blocks than 
the present data indicate. 

Fig. 5 shows the bricklaying costs in relation to the other costs involved in the 
respective houses. It is clear that the total costs are in no way related to the basic 
costs of laying, owing to the wide variations in the costs of bricks and blocks. 
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FIG. 5. RELATIONSHIP OF LABOUR COST AND MATERIALS 
COSTS IN HOUSES OF VARIOUS MATERIALS 


III. Matters arising from the Experiment 

In this section is included a discussion of matters which, though incidental to 
the main experiment, are themselves of fundamental importance. These are :—The 
distribution of bricklaying time between the elements of work ; productive and 
non-productive time ; the relationship between normal time and actual time. 

DISTRIBUTION OF BRICKLAYING TIME BETWEEN 
THE ELEMENTS OF WORK 

As described in Part I, the entire work of bricklaying was divided into four 
elements [B], [S], [M] and [X], these elements referring to laying, mortar spreading, 
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measuring and miscellaneous, respectively. An analysis has been made of the 
percentage time distribution between these elements for each type of block, and 
these are set out graphically in Fig. 6. In a further analysis of these times, the element 
[M] has been split up into its component parts, namely, measuring, plumbing and 
setting of lines, while the miscellaneous has been itemised as cutting bricks, erecting 
door- and window-frames, placing lintels, “ ironing ” joints and residual nonde¬ 
script work. Table 15 shows the percentage distribution of these many elements. 
Table 14 shows the Normal labour-hours consumed by the various elements of work 
as they occur in building a standard quantity of wall in the several bricks and building 
blocks. For convenience, the quantity of walling used for the comparison is that 


TABLE 14. ALLOCATION OF NORMAL TIME IN BRICKLAYER HOURS 
PER 23,000 BRICK-EQUIVALENT 



1 KEYED 

FLETTONS 

RUSTIC 

FLETTONS 

HOLLOW 

CLAY 

BLOCKS 

18 X 3 
X 9 in. 

L.W.C. 

18x3 
X 9 in. 

DENSE 

18 X9 
X 6 in. 
L.W.C. 

18x9 

X 9 in. 
L.W.C. 

18 X9 
X 9 in. 
DENSE 

18X9 
X 9 in. 
DENSEf 
man- 
hrs. 

Laying 
bricks or 
blocks. 

89-0 

104*5 

43-8 

32*3 

# 

42-2 

25*2 

20-0 

18-6 

37*2 

Spreading 

mortar. 

45*o 

48-2 

26-2 

147 

17*3 

20-0 

11-8 

I I'O 

220 

Fixing and 
striking 
line. 

9*9 

9-8 

3*8 

4*5 

5*0 

4*2 

2*5 

2*4 

4-8 ! 

Plumbing. 

20*8 

23*4 

77 

9*9 

16*5 

7*5 

4*2 

5*4 

io-8 

Measuring. 

2-1 

7-1 

i*5 

i-i 

2*5 

o-8 

o-8 

o-6 

1-2 

Cutting 
bricks or 
blocks. 

60 

14-2 

8-4 

n-4 

10-2 

4-6 

3*6 

3*o 

6-o 

Filling in 
and clean¬ 
ing off. 

10-3 

i6-o 

9*3 

ii-o 

12-5 

8-2 

9-1 

4*7 

9*4 

Erecting 
doors and 
windows. 

29 

3*o 

20 

i-i 

2-6 

i-i 

i-6 

i*4 

2-8 

Lintels. 

4*3 

8-9 

2*5 

2*1 

57 

2-8 

i-6 

i*3 

2-6 

Miscel¬ 

laneous 

work. 

4*3 

io-i 

3*3 

2-3 

5*4 

27 

i*5 

i*3 

2-6 

Ironing 

joints. 

Nil 

50-8 

Nil 

Nil 

18-0 

Nil 

Nil 

Nil 

Nil ! 

Total 

194-6 

296-0 

108-5 

90-4 

137*9 

77-1 

56-7 

49*7 

99*4 


* Estimated figures for 23,000 brick-equivalent. 

f Labour Consumption of these houses in Man-hours as distinct from Bricklayer-hours , 
each bricklayer being assisted by a labourer in the laying of the blocks. 
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Hours per 1000 Brick Equivalent 

FIG. 6. DISTRIBUTION OF BRICKLAYING TIME BETWEEN THE ELEMENTS OF WORK 
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TABLE 15. PERCENTAGE ALLOCATION OF BRICKLAYERS’ TIME 



KEYED 

FLETTONS 

RUSTIC 

FLETTONS 

HOLLOW 

CLAY 

BLOCKS 

18X3 

X 9 in. 
L.W.C. 

18 x3 x9m. 

DENSE 

18x9 
X 6 in. 
L.W.C. 

18X9 
X 9 in. 
L.W.C. 

18x9 

X 9 in. 
DENSE 

Laying 
bricks or 
blocks. 

45-6 

35*3 

427 

40*4 

35-8 

306 

35-2 

327 

35*3 

37*5 

Spreading 

mortar. 

23-2 

16-3 

19-6 

24-1 

16*3 

12*5 

14-4 

2 5’9 

20-8 

221 

Fixing and 
striking 
line. 

5 'i 

3*3 

4 '° 

3*5 

5 ’o 

3-6 

4 ' 1 

5*5 

4'4 

4*8 

Plumbing. 

107 

7*9 

9*6 

7 *i 

10-9 

I2’0 

13*8 

97 

7*4 

10*8 

Measuring. 

i*i 

2-4 

2-9 

1 ‘4 

I'2 

i-8 

2*1 

1*0 

1 ‘4 

1*2 

Cutting 
bricks or 
blocks. 

3 'i 

4*8 

5-8 

77 

I2'6 

7*4 

8*5 

6-o 

6-3 

6*i 

Filling in 
and clean¬ 
ing off. 

5*3 

5'4 

6*5 

8-6 

12*2 

9 *i 

10-5 

io*6 

16-0 

9’4 

Erecting 
doors and 
windows. 

i -5 

1*0 

1*2 

I *9 

1*2 

i *9 

2*2 

1 

i *5 

2-8 

2-8 

Lintels. 

2*2 

3-0 

3-6 

2-3 

2-3 

4 -i 

47 

3*6 

2-9 

27 

Miscel¬ 

laneous 

work. 

2*2 

3'4 

4*1 

3 -o 

2/5 

3*9 

4*5 

3’5 

27 

2-6 

Ironing 

joints. 

Nil 

17*2 

Nil 

Nil 

Nil 

I 3 ’i 

Nil 

Nil 

Nil 

Nil 

Total 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 


* Estimated excluding “ ironing ” to make the figures comparable with other columns. 


corresponding to 23,000 bricks, which is the brick content of a pair of houses. It 
must not be thought, however, that the comparison is indeed between houses, as 
some of these were of composite block construction, and some materials appear only 
in part of the houses, e.g. rustic flettons in the outside leaf of cavity wall. The com¬ 
parison is strictly between corresponding quantities of various materials although 
each contained the normal building features as they occurred in the house 
construction. 

Some comments might be made on certain relationships appearing in Table 14. 

Common Flettons—Rustic Flettons 

1. Mortar Spreading. The greater time for rustic flettons is due to the 

extra care to avoid soiling the brick face. 

These are greater for the facing work because of 
the greater need for true finish. 


2. Plumbing and 
Measuring. 
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3. Cutting Bricks. 

Common bricks are normally cut quickly, if 
roughly, by a stroke of the trowel, facing bricks 
are cut neatly by hammer and bolster. 

4. Lintels. 

The facing work had reinforced brickwork lintels 
set “ in situ ”. The common brick house had 
precast concrete lintels. 


18X9X6 in. and 18 X 9 X 9 in. Lightweight Concrete Blocks 


General. 

In most cases 50 per cent more work is entailed in 
the laying of the smaller block for a given area of 

wall. 


18 X 9 X 9 in. Lightweight Concrete and 18 X 9 X 9 in. Dense Concrete Blocks 
General. There is good agreement throughout. Laying 

time for the heavy block is somewhat less than 
the light as this is the one element in which the 
second man assists. 

18X3X9 in Lightweight Concrete and 18X3X9 k Dense Concrete Blocks 
1. Laying. The weight of the dense block is much greater 


2. Spreading. 

than the other, hence the greater time in laying. 

As in the case of other facing work, greater time 
is taken in spreading in order to avoid soiling of 
the block face. 

3. Plumbing and 
Measuring. 

Additional time is required for greater care in 
obtaining a true finish. 


Rustic Flettons and 18x3X9 in. Dense Concrete Blocks 


“ Ironing ” Joints. 

In consideration of their respective areas, the 
ironing operation in the rustic fletton is three 
times that of the concrete block. This agrees 
with the observed times of 50*8 and 18-0 Normal 


Bricklayer-hours respectively. 

18 X 3 X 9 in. Lightweight Concrete and 18 X 9 X 9 in. Lightweight Concrete 
Blocks 


Laying, Plumbing and 
Measuring. 

These elements are much lower for the cored 
block than for the slab type block, as the former is 
virtually self aligning while the latter is very 
unstable on account of its low width-to-height 
ratio. Moreover, in the case of the 18X3X9 in. 
blocks two laying operations correspond to one 
for 18 X. 9 X 9 in. blocks. 


PRODUCTIVE AND NON-PRODUCTIVE TIME 

In the preceding analysis of the data times have been expressed as Normal 
Times, i.e. the nett time required to carry out the work at a normal rate of working. 
Several other interpretations of the term “ time ” do, however, arise in the study of 
industrial work : all these are different, but all of them are important from one point 
of view or another and they are defined below. 
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Site Time —This is the total time spent on the building site : it is the time paid 
for and charged against the cost of the house. Site time must inevitably include all 
non-productive time intervals both great and small, avoidable and unavoidable. 

Available Time —Of the Site Time defined above, some portion is lost due to 
unavoidable causes, for example inclement weather, authorised intervals such as 
official tea breaks (and to some degree, delays due to the experimental nature of the 
work in this case). The residual time has been termed Available Time, as the time 
available after the deduction of inevitable lost time. This time is important as the 
potential productive time. 

Actual or Unrated Time —This is the time actually consumed by the worker 
while doing productive work, irrespective of the rate of working. Owing to the 
variation that can occur in rate of working, Actual Time is unsuitable as a basis of 
measurement, and it is this which has led in industrial studies to the adoption of 
Normal Time (q.v.). Actual Time may be more or less than Normal Time according 
to the prevailing rate of working. 

Normal or Rated Time —This has been defined in Part I, but may be regarded as 
the nett theoretical time and is derived from the Actual Time after suitable adjust¬ 
ment for deviation from the Normal Rate. 

Standard Time —It is recognised that the Normal Time, being a theoretical 
time cannot ordinarily be expected to operate in practical work. Many factors, 
such as personal allowances, untoward happenings and others, lead to the necessity 
for some marginal allowance. The extent of such an allowance may be arrived at in 
numerous ways, but a common allowance is approximately 20 per cent of the Normal 
Time. Such an allowance is made in Fig. 7 and is shown as a dotted line. 

The Available Time and the Normal Time may be considered the more 
important in the application of the present results. The Site Time, even though 
it represents time paid, is less significant since it includes such variables as weather 
and losses in time peculiar to the present work and arising from its experimental 
character. The relation between the various times defined is shown for each pair of 
houses in Fig. 7. When considering productivity of work, Standard Time and not 
Normal Time would ordinarily be taken, but the delays accounted for as unavoidable 
lost time, particularly those resulting from the experimental nature of the work are 
more than sufficient to provide for relaxation without the application of the 20 per 
cent relaxation allowance, so that Standard Time does not arise in this case. It 
is evident from Fig. 7 that the time spent on productive work by the bricklayers 
represents a relatively small part of the time paid for. In one case, out of 304 Site 
Hours, only 50 hours were spent on productive work, while in a case of 672 Site 
Hours, 239 hours were spent productively. In general it can be said that about one 
quarter of the total time was used on productive work. 

Again referring to Fig. 7 the Site Time can be divided into three zones which 
may be termed “ Productive Time ”, “ Unavoidable Non-Productive Time ” and 
“ Avoidable Non-Productive Time ”. It was not found possible to maintain an 
accurate record of the nature of all lost time, but on the data available, an approxi¬ 
mate analysis of the delays has been made and these are itemised below. 

Unavoidable lost bricklayer time amounted to about one quarter of the total time 
and has been accounted for as follows : 

(1) Walking time between Time Station 

and Working Platform .. . . 10% of Unavoidable N.P. Time 

(2) Inclement weather .. .. . . 20% of Unavoidable N.P. Time 


Time in Bricklayer - Hours 
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House numbers 


FIG. 7. ANALYSIS OF SITE TIME 
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(3) Authorised tea breaks .. .. 10% of Unavoidable N.P. Time 

(4) Non-delivery of materials .. .. 25% of Unavoidable N.P. Time 

(5) Delays due to the experimental 

nature of work. 35% of Unavoidable N.P. Time 

The residual time has been termed Available Time, that is, the time available for 
work after the exclusion of inevitable delays. The Normal Time has been defined 
as the nett time required to do the work which has been accomplished. The 
difference is clearly Avoidable Non-Productive Time. Avoidable lost time can be 
attributed to two major causes. These were as follows : 

(1) Voluntary stoppage intervals during 

work .. . . . . .. 70% of Avoidable N.P. Time 

(2) Late start and early finish and ex¬ 

tension of meal breaks . . . . 30% of Avoidable N.P. Time 

To summarize, the labour utilisation was low ; as stated above only one quarter 
of the total bricklayer time was spent on productive work, while a further quarter 
of the Site Time was given up to Unavoidable Delays, so that one half of the paid 
time was lost unnecessarily. It is true that productivity must be reckoned against 
the time available for work, and during the experiment this time was somewhat 
lower than would be expected on a normal building site owing to some interference 
by the conditions of the experiment; nevertheless, the time spent on productive 
work was but one third of that available. 

The rate of laying during working periods was high, being in the case of bricks 
of the order of 120 bricks per hour, with corresponding increases, in effect, from 
the larger blocks. On the other hand the number of hours of effective work was 
very low. Nevertheless the total output per day was comparable with that being 
realised on many building contracts carried out over the same period. This finding 
is significant, for it indicates that immediate aims at economy should be directed not 
so much at improving the actual rate of laying, though that is important, but rather 
at improving the proportion of productive time, in which field much greater scope 
is possible. 

TfrE RELATIONSHIP BETWEEN NORMAL TIME 
AND ACTUAL TIME 

Much prominence has been given in this report to the value of Normal Time 
and to the necessity of correcting Actual Time for fluctuations in rate of working. 
However, on the very large sample taken in this experiment the agreement between 
Normal and Actual Times has been close and it is clear that the deviation in the 
working rate has to a very great extent been compensating. From this observation 
we may assume that in samples of this magnitude and studied in this degree of detail 
the precaution of rating the observed time becomes unnecessary. It must be borne 
in mind, however, that time studies pursuing this degree of detail and magnitude 
of sample are exceptional and are impracticable in routine work, so that normalising 
the observed times is a necessary feature in the technique of time study. 

The close agreement between Normal Time and Actual Time has one very 
important implication, namely, that the widely accepted concept of Normal Rate 
does agree closely with the average rate of working actually performed by average 
workpeople over a long period of productive work. On this experiment the average 
rate of working was 62 over a period of six months against the theoretical concept 
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of 60. Though several definitions of the Normal Rate are in common use, as noted 
in Part I of this report, basically the true meaning of the Normal Rate is the average 
working rate which will be obtained from a very large number of people over a very 
long period of time. It is very significant therefore that the estimate of what 
constituted a 60-rate by a number of individual observers having different back¬ 
grounds of training and experience in rate assessment, does in fact lead to an average 
assessed rate over the lengthy period of this experiment, which closely corresponds 
to the working rates actually realised. 

Conclusions 

In the general introduction an outline was given of the trends of change in the 
size of building units and of the reasons which have led to such changes. As has 
been pointed out, the present-day brick is of the same order of size as the Mediaeval 
English brick. The object in departing from this size has been the development of 
blocks capable of speedier laying yet with functional properties not inferior to the 
brick. Weight to volume ratio has been the main factor of consideration and the 
experiment described here has been a study of the relative rates of laying of typical 
blocks of various classes. The range of blocks considered included blocks employing 
one hand, blocks requiring both hands, and those lifted by two men. These are 
typical of blocks used in the industry but they do not include all the possibilities, 
nor are they necessarily the optimum sizes and weights for their respective classes : 
for example the 18 in. X 9 in. X 9 in. dense concrete block is probably not the 
largest block that can be dealt with by two men nor is the hollow clay block of about 
12 lb. necessarily the largest block for a single hand grasp. 

Although time study in its widest sense may be applied to any action whether 
human or mechanical, the term is usually used in reference to the measurement of 
human activity. Most properties of building materials or structural elements are 
subject to measurement and it is desirable that the output of human effort in the 
realm of the building industry should likewise be measurable. Time study provides 
the technique for making such measurement. While time study has been used in 
industry for many years, mainly for purposes of wage rate assessment, little was 
known of its terms of accuracy, and in this experiment the opportunity was taken 
of examining this point. The limits of error have proved to be satisfactory and well 
within the requirements for practical work. Some interesting facts have been 
observed as by-products of the study, but much scope remains for exploration. 

The results of the blocklaying comparison are well-defined and conclusive : 
wide variations in work consumption were recorded for the various blocks, the 
slowest unit, the common bricks taking approximately four times as long as the 
equivalent volume of large concrete blocks. However the much higher costs at 
present of concrete and other blocks more than offset the savings in labour costs, 
although this might well be otherwise if the concrete blocks were produced in 
quantities comparable with bricks. The comparison will also be more favourable 
to blocks in areas where brick prices are higher than those of fletton bricks in the 
Home Counties area. (Costs of materials used in this report are based on prices 
for 50 houses in the Home Counties Region on 1st April, 1947.) Overhead costs 
have not been included in the calculations and as these are proportional to the time 
spent and not to the values of the respective materials, they will operate in favour 
of the faster moving blocks. 

An analysis has been made of the bricklaying time in respect of its distribution 
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over the various elements occurring in the work. The results of this have been 
interesting, firstly in explaining the sources of difference between the respective 
blocks, and secondly, in showing the relative magnitude of the incidental items of 
work occurring apart from bricklaying proper. The latter may prove to be of value 
in assessing the worthwhileness of pursuing certain ideas aimed at eliminating or 
reducing incidental elements of work. 

The labour utilization on the site was low, although comparable with much 
of the present-day output, the non-productive time being greatly in excess of 
the productive time. Moreover, the greater part of the lost time was certainly 
avoidable. As a corollary to this it may be said that while great economy may be 
forthcoming from improvements in building technique, the greater and more 
immediate economy must result from the eradication of much of the non-productive 
time on the building site. It must be pointed out that these conclusions are based 
on the observation of a single site, over a period of six months, but from general 
observation elsewhere, from discussion and from other sources of information it 
would appear they they apply to a large number of present-day building sites. 

Though the data show the relative man-hours required for brick and block¬ 
laying, it is clearly not possible to lay down relative costs applicable to any 
circumstances, in view of the many variations in conditions prevailing on building 
sites, such as size of contract, location of site, design of house, quality of local labour 
and fluctuating costs of materials. Reservation must in the circumstances be 
placed on the comparative cost figures quoted. In consequence, this report can do 
no mere than give certain definite time comparisons and indicate certain generalisa¬ 
tions. An effort has been made, however, to record in as much detail as possible 
the exact conditions under w’hich this test was carried out in order that readers may 
interpret the results in the light of their own circumstances and their own local 
prices. 


Appendix I 

STATISTICAL EXAMINATION OF THE 
EXPERIMENTAL RESULTS 

INTRODUCTION 

Since comparisons between different types of blocks are based on the total 
times for building the shell of a pair of houses with each type of block it is essential 
to know the accuracy with which the total times are estimated. This accuracy, 
expressed as confidence limits, has been calculated for both the rated and unrated 
total times on the assumption that the combinations of observers and bricklayers 
used are a random sample from the building industry. In such a large experiment 
it was not possible to obtain the detailed results which would have enabled a study 
to be made of the accuracy of the method of time study as applied by each observer 
or to investigate, for example, how this accuracy is affected by the particular brick¬ 
layer studied and the different operations performed. The results apply rather to 
the accuracy of a large scale study by an average observer. 

EXTRACTION OF DATA FROM THE OBSERVERS’ STUDY SHEETS 

The observers’ study sheet, an example of which is given in the main body 
of the report, contains the time and effort rating for the elements [B], [S], [M], and 
[X], For each panel and quoin these were summarised as in Table 16. 


APPENDIX I 

TABLE l6. SUMMARY OF DATA FROM OBSERVER’S STUDY SHEET 


QUOIN 

ELEMENT 


EFFORT 

RATING 


T 60 
SECS. 

TOTAL 

T 60 

65 

70 

75 

80 


[B] 

121 

114 



264 

1012 

A.I. 

[S] 

19 

145 

11 


204 

secs. 


[M] 


86 

7 i 

163 

406 

= 16*9 


[X] 

127 




138 

mins. 


The times for each element and effort rating were totalled and entered in the 
appropriate space in this table. For example, for quoin A.i, the actual time for the 
element [B] was 121 seconds at 65-rate plus 114 seconds at 70-rate. These times 
were normalised by multiplying by the effort rating and dividing by 60 and the 
resulting normalised times totalled for each element giving the figures in the column 
headed T 60. The last column contains the total normalised time for the quoin 
both in seconds and in minutes. 

ESTIMATION OF EXPERIMENTAL ERROR 

The method of sub-dividing the shell of the house into a number of panels and 
quoins each 18 inches high was explained earlier and illustrated in Fig. 2 and Plate 5. 
It will be realised that at a given level all the quoins A, B, C and D of Fig. 1 are 
equivalent in work content and some of the panels are also equivalent. In fact, the 
plan of the houses shows that : 

A = B = C = D EK = FK 

AE = BE AL = BM 

CF = DF CL = DM 

Further, for panels 6 to 12 inclusive of Fig. 2, AL = CL = BM = DM but 
this does not hold for panels 1 to 5 as there is a door opening in panels AL and BM 
which does not occur in panels CL and DM. Also for panels 7 to 11 inclusive 
CF = DF = AE = BE but in the lower panels a window in AE and BE is replaced 
by a door in DF and CF. 

Although it would have been preferable to study the whole of the shell of the 
pair of houses to obtain duplication of each type of panel this was impossible with 
the number of observers available. Consequently from the outset the whole of one 
end wall and panels 7 to 11 of either the front or the back of the houses were omitted 
from the time studies. This still left duplication of each type of panel with the 
exception of panels 1 to 5 of the end wall. At times when it was not possible to 
study a particular wall at all levels a panel of an equivalent wall was studied. For 
example, panels BM3 and DM3 were studied if for any resaon it was not possible 
to study panels AL3 and CL3. 

Since nearly all types of panel were duplicated at each level it was possible 
to obtain an estimate of the accuracy of the total time for each panel and from this to 
estimate the accuracy of the total time for a pair of houses. For if the plan of the 
houses shows that two panels are identical in every respect then they must be 
identical in work content and any difference between the rated times for the panels 
must be due to errors in the method of time study used. The method of calculation 
of the accuracy of the results will be illustrated for Houses 11 and 12 built with 
hollow clay blocks. 
















28 


A WORK STUDY IN BLOCKLAYING 


CALCULATION OF EXPERIMENTAL ERROR 

The rated times for each panel and quoin studied in Houses 11 and 12 are given 
in Table 17. 

TABLE 17. RATED TIMES IN MINUTES FOR PANELS OF HOUSES 

II AND 12 


PANEL 

LEVEL 

A 

c 

AL 

CL 

CF 

DF 

AE 

BE 

FK 

EK. 

I 

16*9 

19-4 

54*5 

56*0 

77*6 

84-5 

66*5 

74*4 

37*2 

36*3 

2 

14*0 

12*7 

35*2 

38*8 

100-5 

80*7 

105*1 

94*6 

36-6 

31*7 

3 

9-9 

13-2 

61*9 

58-I 

69*1 

65*0 

77*7 

76*9 

39*4 

35*4 

4 

14-0 

io-8 

34*6 

25*8 

54*i 

53*4 

43*6 

50*5 

30*5 

28*6 

5 

n*5 

8-6 

22*5 

22-0 

66*2 

67*2 

44*3 

47*9 

30*0 

33'6 

6 

161 

19-9 

44*2 

43*8 

102*3 

917 

89*0 

8o*6 

— 

— 

7 

io-5 

13*4 

34*5 

42-2 

76*3 

83*8 

— 

— 

29*4 

33*3 

8 

16*6 

i3'3 

32-6 

32-0 

83*0 

74*5 

— 

— 

27*4 

3i*i 

9 

160 

14-5 

36-5 

38*2 

55*o 

55*7 

— 

— 

23*6 

33*i 

10 

13-6 

I2’5 

27-6 

24*0 

44*2 

34-8 

— 

— 

26*6 

27*3 

11 

ii*6 

1 i*i 

26-0 

25*8 

77*3 

80-5 

— 

— 

34*5 

25*3 

Total 

1507 

H9*4 

410*1 

4067 

805*6 

771-8 

426*2 

424*9 

3i5*2 

3i5*7 


A single course of blocks was necessary above the 6th panel to give the correct 
height for joist hangers and as a result the 12th panel, being less than 18 in. high, 
was not available for estimation of the error. 


From the total times for pairs of identical panels the variance of the experimental 
error was first calculated. The variance is defined as 

Z.(x/-x ) 2 

1 


n — 1 


where x i is any individual estimate 


x i 


x = i 


— mean value of the estimates 


n = number of estimates. 

Since only two estimates are available for each panel at each level this becomes 


Variance — 


*<•(«/- *) 2 


-) 2 + (X »• 


= (x 1 

_ ( X 1 X j)‘ 

2 


and the mean variance for each type of panel taken over all levels is 


a ) 2 

2 L 

where the summation is over all levels and L is the number of levels, i.e. 11 in most 


cases. 
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TABLE 18. DIFFERENCES BETWEEN TOTAL RATED TIMES FOR 
IDENTICAL PANELS IN MINUTES 


^DIFFERENCE 

LEVEL 

A-C 

AL-CL 

CF-DF 

AE-BE 

EK-FK 

I 

—2-5 


-6-9 

—7*8 

—09 

2 

i*3 


19-8 

10-5 

— 4*9 

3 

3*3 


4-1 

o-8 

—4-0 

4 

3-2 


0-7 

—6-9 

—1*9 

5 

2-9 


—i-o 

—3-6 

3*6 

6 

-3-8 

04 

io-6 

8-4 


7 

—2-9 

—7-7 

7*5 


3*9 

8 

3*3 

o-6 

8-5 


3*7 

9 

i‘5 

—i*7 

—0-7 


9*5 

10 

i-i 

36 

9*4 


0-7 

11 

o-6 

o-i 

—3*2 


—8*8 

Z(*l~ *,)« 

75-04 

75-67 

797-9 

302-86 

254*47 


The differences between the total rated times for identical pairs of panels 
are given in Table 18. As explained above panels AL and CL are not identical for 
the first five levels so the differences between these panels cannot be used to 
estimate the experimental error. From the above formula we get the following 
estimates of the variance for each type of panel and the quoins :— 


Quoins 

Panels AL and CL 
Panels CF and DF 
Panels AE and BE 


Var A = Var B = Var C = Var D = 3*41 
Var AL = Var CL = 6*31 
Var CF = Var DF = 36-27 
Var AE == Var BE = 25-24 


Panels EK and FK Var EK = Var FK = 12-72 

The total time for a pair of houses is made up of the total time for the panels 
and quoins studied plus an estimated time for those panels and quoins which were 
not studied. We now proceed to derive the experimental error for the total time 
for a pair of houses. 


EXPERIMENTAL ERROR OF TOTAL TIME FOR PAIR OF HOUSES 

If we let the letters by which a panel is identified represent the rated time for 
that panel and Z represent the sum of the times for the eleven levels, we have, 

1 

for a pair of houses 

Total rated time= T = ZA + ZB + rC + ID 
1111 

+ Z AL + z CL + Z BM + Z DM 

1 1 1 1 

+ Z AE + jr BE + Z CF + Z DF 
1111 

+ Z EK 4- Z FK + 2 brick courses. 

1 1 

Since quoins B and D and panels BM and DM were not studied we assume that 
they are equivalent to corners A and C and panels AL and CL respectively. Hence 


» 
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II It It 11 

ZB =ZA;zD = zC 

1 111 

Z BM = Z AL ; Z DM = Z CL 

1 II l 

Further, panels AE 7 - 11 and BE 7 - 11, which were not studied, are assumed to be 
equivalent to panel CF 7 - 11 and DF 7 - n respectively. Finally panels EK 6 
and FK 6 are assumed to be equal to the average of the remaining EK and FK 
panels. 

The above equation then becomes 
T = 2IA + 2ZC + 2IAL + 2ICL + ICF + IDF 

1 1 1 1 t 1 

+Z AE +Z BE +2ZCF +2ZDF + — { ZEK+ZEK+ZFK+Z Fk} 

1 1 7 7 1UL, 7 1 7 J 

+ 2 brick courses. 

If we assume that the errors in the various panels are independent the variance 
of the total time is given by the equation, 

Var T = 4.11 Var A + 4.11 Var C 4- 4.11 Var AL + 4.11 Var CL + 6 Var CF 

+ 6 Var DF + 6 Var AE + 6 Var BE + 4.5 Var CF + 4.5 Var DF 

+ |io Var EK + io Var FK j 

The variance of the times for the brick courses cannot be estimated from the 
data but it is likely to be only a small part of the total variance and will be ignored* 
Since it can be assumed that 

Var A == Var C Var AL = Var CL, etc. 

this equation reduces to 

Var T = 88 Var A + 88 Var AL + 52 Var CF + 12 Var AE + 24.2 Var EK 

Substituting the values of Var A etc., obtained above this gives, 

Var T = 3321 (mins) 2 

The standard error (i.e. the square root of the variance) of the total rated time 
is therefore equal to 58 minutes. The confidence limits for the total time are given 
by 

Total rated time X (standard error of total rated time) 

where t depends on the degree of confidence required and the number of degrees 
of freedom on which the standard error is based. Since the standard error is a 
function of a number of variances based on different numbers of degrees of freedom 
it is impossible without making further assumptions to calculate the number of 
degrees of freedom on which it is based. However, it is felt that the error committed 
in assuming that it is based on a large number of degrees of freedom will not seriously 
affect the result and this course has been adopted. The value of t has been taken 
to be 2*58 which corresponds to a 99 per cent degree of confidence when the number 
of degrees of freedom of the standard error is large. It is unlikely that the above 
assumption is so seriously in error as to reduce the degree of confidence of the 
limits so calculated below even 95 per cent. 
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ACCURACY OF UNRATED TIMES 

A similar procedure was used to obtain an estimate of the accuracy of the 
unrated time. The total unrated time for each panel was obtained by adding the 
times for each element at each rate without normalising and this figure was used in 
place of the normalised total time for the panel in the subsequent analysis. 

RESULTS OF THE ANALYSIS FOR RATED AND UNRATED TIMES 

The estimated experimental error for each house based on the Rated and the 
Unrated times is given in Table 19. 


TABLE 19. EXPERIMENTAL ERROR OF RATED AND UNRATED TIMES 




RATED TIMES 

UNRATED TIMES 

HOUSE NOS. 

MATERIALS 

Total 

Time 

Experimental 
Error Within 

Total 

Time 

Experimental 
Error Within 



Brick¬ 

layer 

hrs. 

Hrs. 

% Total 
Time 

Brick¬ 

layer 

hrs. 

Hrs. 

% Total 
Time 

9 and 10 

Common flettons 

195 

±6-2 

± 3*2 

184 

± 7*2 

± 3*9 

11 and 12 

Hollow clay blocks 

109 

± 2*5 

± 2*3 

107 

± 3*2 

± 3 *o 

13 and 14 

18X9X6 in. 

L.W.C. blocks. 

77 

± 4*5 

± 5*9 

7 i 

± 4*2 

±6*o 

15 and 16 

18 X9 X9 in. 

L.W.C. blocks 

.57 

±2-7 

± 4*8 

56 

± 2*5 

± 4*5 

17 and 18 

18X9X9 in. dense 
concrete blocks. 

50 

± 2*5 

±5-o 

48 

±2*0 

± 4*2 

19 and 20 

18X3X9 in. 

L.W.C. slabs. 

90 

± 4 ‘° 

± 4*4 

89 

± 3*3 

± 3*7 

21 and 22 

18 X3 X9 in. 

L.W. and dense 
concrete slabs. 

109 

± 3-8 

± 3*5 

110 

± 4 '° 

± 3*6 

31 and 32 

Rustic flettons and 
18X3X9 in. L.W. 
slabs. 

173 

±8-8 

± 5 ‘i 

166 

± 7*2 

± 4*3 

33 and 34 

Rustic and com¬ 
mon flettons. 

239 

± 7‘4 

± 3*3 

219 

± 5*7 

±2*6 


This method gives a reasonable estimate of the error of the rated times but 
not necessarily of that of the actual unrated times. This is because two bricklayers 
laying similar panels at the same time may tend to work at approximately the same 
speed. Consequently the difference between the actual times for the two panels 
will not be as large as it would be if the rate of working of the two bricklayers had 
been independent. As a result the experimental error of the unrated times is likely 
to be underestimated. 

Table 17 shows that the error of the rated times differs very little from the 
error of the unrated times. Unless, therefore, the latter is very much under¬ 
estimated—which does not seem likely-—there is very little gain in accuracy in 
normalising the working time. This statement only applies, however, when the 
timing extends over a considerable period so that the variation in rate of working 
may reasonably be expected to give an average rate of 60 over the whole period. 
It would not apply for example to a sample as small as one panel, as during this time 
the average rate may differ considerably from 60. The fact that the total unrated 
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productive time for each pair of houses agrees so well with the total rated time shows 
that over this period an average rate of 60 is attained to within small limits. 

COMPARISONS BETWEEN HOUSES 

Although each pair of houses is built of different materials or combinations of 
materials there are two pairs of houses which have an external leaf of the same 
material, namely Houses 31 and 32 and 33 and 34, which have an external leaf of 
rustic flettons, and two pairs of houses which have an internal leaf of the same 
material, namely Houses 21 and 22 and 31 and 32 which have an internal leaf of 
18 in. x 3 in. X 9 in. lightweight concrete slabs. By comparing identical panels 
and quoins in these houses it is possible to obtain another estimate of the experi¬ 
mental error which may be compared with that obtained by within-house compari¬ 
son. It was found that for the quoins the between-house estimate was in good 
agreement, with the within-house estimate of the experimental error. For the 
panels, however, the agreement was not so good, being in most cases increased by a 
few very discrepant observations. These discrepancies are probably due to factors 
such as badly shaped bricks, stones in the mortar, etc., which occur from time 
to time and have the effect of increasing the actual work content of the panel. 

Appendix II 

DETAILED TIME AND COST DATA 

Table 20 gives details of the time and cost data, and illustrates the effect of 
labour costs and materials’ costs respectively on the final charge for wall building. 
An abridged version of this table appears as Table 13. The significance of “ Site 
Time ”, “ Available Time ”, “ Normal Time ” and “ Actual Time ” is defined 
in the main body of the report. As stated elsewhere detailed studies were made 
only of the bricklaying and blocklaying, but that as some houses were of “ fair face ” 
finish while others were left rough for rendering, some time value must be added 
to the latter to bring them into line with the facing work. No facilities were available 
for studying the external rendering of the houses, but a representative composite 
figure was derived from a number of external sources, and this has been applied as a 
constant to all the houses requiring rendering. It is not certain whether these 
rendering times are based strictly on productive time but at all events they cannot 
logically be applied indifferently to Actual, Normal, Available and Site Times. 
Nevertheless, some compromise is necessary and the error introduced is not 
sufficient to affect the general conclusions seriously. A similar case applies to the 
scaffolding times which were likewise derived from external sources. 

As this experiment was carried out principally to study the consumption of 
skilled bricklayers’ time in building with the respective materials, conditions were 
set to ensure that nothing should interfere with the bricklayers’ work. With 
this idea in mind something more than the minimum labouring service was provided. 
Throughout the tests four labourers were employed to serve four bricklayers with 
materials, whereas three would almost certainly have been the maximum on a 
commercial site. This is a matter of indifference to the general conclusions of the 
report which relates to rates of laying but is reflected in the tables of costs. It will 
be observed that a further four labourers were required to assist the bricklayers in 
laying the dense concrete blocks in Houses 17 and 18. 

The total cost figures given in Table 20 are calculated in a number of ways. 


TABLE 20 



ACTUAL TIME 

NORMAL TIME 

AVAIL 

ABLE TIME 

SITE TIME 

BRICKLAYERS 

LABOURERS 

BRICKLAYING WAGE COST 

SCAFFOLDING 

RENDERING 

! 




TOTAL COST 

Materials 

House Nos. 

Hours 

(A) 

Bricklayer- 

Hours 

(B) 

Prevailing 

Rating 

(C) 

Bricks per 
Bricklayer- 
Hour 

(D) 

Hours 
@ 60 Rate 

(E) 

Bricklayer- 
Hours 
@ 60 Rate 

(F) 

Bricks per 
Bricklayer- 
Hour 

@ 60 Rate 
(G) 

Hours 

(H) 

Bricklayer 

Hours 

(J) 

Equivalent 

Effort 

Rating 

(K) 

Bricks per 
Bricklayer- 
Hour 

(L) 

Hours 

(M) 

Bricklayer 

Hours 

(N) 

Bricks per 
Bricklayer 
Hour 

(P) 

Number 

of 

Bricklayers 

(Q) 

Wage 
Rate 
* per 
Hour 

(R) 

Total 

Wage-Cost 
per Hour 

(S) 

Number of 
Labourers 

(T) 

Wage 

Rate 

Per 

Hour 

(U) 

Total 

Wage-Cost 
per Hour 

(V) 

On Actual 
Time 

(W) 

On Normal 
Time 

(X) 

On Available 
Time 

(Y) 

On Site 

Time 

(2) 

Man- 

Hours 

(a) 

Wage 

Rate 

per 

Hour 

(b) 

Labour 

Cost 

(d) 

Man- 

Hours 

(e) 

Wage 

Rate 

per 

Hour 

(9 

Labour 

Cost 

(g) 

Cost of 
Material for 
Rendering 

(h) 

Cost 

of 

Mortar 

(q) 

Cost 

of 

Lintels 

(r) 

Cost of 
Bricks and 
Blocks 

(t) 

Based 

on 

(A) 

Based 

on 

(E) 

Based 

on 

(H) 

Based 

on 

(M) 

Brick 

Equivalent 
per Pair 
23,000 



A X 4 


23,000 

B 

A X C 

60 

B X C 

60 

23,000 

F 


FI X 4 

F 

60 X — 

J 

23,000 

i 


M X 4 

23,000 

N 



ax r 



T X U 

A(S + V) 

E(S + V) 

H(S + V) 

M(S + V) 

t 


a X b 



e X f 

201 yd. sup. 

@ 

1/7 per yd. 
sup. 


Mean 

Cost 

16/- 

each 


W-fd 
+ g + h 

4 - q 4 - r 

-j-1 

X + d 
+ g +h 
+ q +r 

4 -1 

Y + d 
+ g +h 
+ q + r 
4 -1 

Z + d 
+ g+h 
+ q + r 
+ t 

Keyed 

Flettons 

Inner and 
Outer. 

9 and 10 

46 

184 

637 

125 

48-8 

195 

119 

113 

452 

26 

5 i 

144 

576 

40 

4 

s. d. 

2 7 

s. d. 

10 4 

4 

s. d. 

2 1 

s. d. 

8 4 

£ s. d. 
43 0 0 

£ s. d. 
45 10 0 

£ s. d. 
105 10 0 

£ s. d. 

134 0 0 

38 

s. d. 
2 3 

£ s. d. 

4 50 

150 

s. d. 

2 6 

£ s. d. 

18 15 0 

£ s.d. 

16 00 

£ s. d. 

28 O O 

£ s. d. 

35 0 0 

£ s. d. 

IOO 0 0 

£ s. d. 

245 0 0 

£ s. d. 

247 10 0 

£ ». d. 

307 10 0 

£ s. d. 

336 0 0 

Hollow Clay 
Blocks. 

11 and 12 

26‘8 

107 

60*7 

215 

27-3 

109 

211 

65 

260 

25 

89 

84 

336 

68 

4 

2 7 

10 4 

4 

2 1 

8 4 

25 OO 

25 IOO 

60 15 0 

78 5 0 

22 

2 3 

2 10 0 

150 

2 6 

l8 15 O 

l6 OO 

15 O O 

35 0 0 

125 15 0 

238 0 0 

238 10 0 

273 15 O 

291 5 0 

i8"x 9" X 6 " 
L.W.C. 

13 and 14 

17-8 

7 i 

65-1 

324 

I 9'3 

77 

299 

60 

240 

19 

96 

72 

288 

80 

4 

2 7 

10 4 

4 

2 1 

8 4 

l 6 IO O 

l8 O O 

56 0 0 

67 O O 

22 

2 3 

2 10 0 

150 

2 6 

l8 15 O 

l6 OO 

8 0 0 

35 0 0 

189 0 0 

285 15 0 

287 5 0 

325 5 0 

336 5 0 

iS"X 9 "X 9 " 

L.W.C. 

15 and 16 

14 

56 

6i*i 

410 

14-3 

57 

403 

44*5 

178 

19 

129 

60 

240 

96 

4 

2 7 

10 4 

4 

2 1 

8 4 

13 O O 

13 5° 

41 IO 0 

56 0 O 

29 

2 3 

3 5 0 

150 

2 6 

l8 15 O 

j 

l6 OO 

7 0 0 

35 0 0 

149 5 0 

242 5 0 

242 10 0 

270 15 0 

285 5 0 

i8*X 9 " X 9 " 
Dense 

17 and 18 

12 

48 

62-6 

479 

I 2’5 

50 

459 

46 

184 

16 

125 

76 

304 

76 

4 

2 7 

10 4 

8 

2 1 

16 8 

16 5 0 

17 O O 

62 0 0 

102 IO 0 

29 

2 3 

3 5 0 

150 

2 6 

l8 15 O 

l6 OO 

| 

IO 0 0 

35 0 0 

165 15 0 

265 0 0 

265 15 0 

310 15 0 

35 i 5 0 

i8 // X3"X9 // 

L.W.C. Inner 
and Outer 

19 and 20 

22*3 

89 

60-7 

259 

22*5 

90 

258 

57 

228 

24 

IOI 

88 

352 

65 

4 

2 7 

10 4 

4 

2 1 

8 4 

! 20 15 0 

21 O O 

53 5 0 

82 OO 

75 

2 3 

8 90 

150 

2 6 

l8 15 O 

l6 OO 

13 0 0 

35 0 0 

192 5 0 

304 5 0 

304 10 0 

336 15 0 

365 10 0 

i8 / 'X3 // X9" 

L.W.C. Inner 

i8 // X3 / 'X9 // 

Dense 

Outer. 

21 and 22 

27*5 

no 

59*5 

207 

27*3 

109 

211 

100 

400 

16 

58 

132 

528 

44 

4 

2 7 

10 4 

4 

2 1 

8 4 

25 10 0 

25 IO 0 

93 5 0 

123 O O 

75 

2 3 

8 90 

NOT RENDERED 


12 O O 

35 0 0 

192 0 0 

273 0 0 

273 0 0 

340 15 0 

370 10 0 

18 X 3 X 9 " 
L.W.C. Inner 
Rustic 

Flettons 

Outer. 

31 and 32 

41-5 

166 

62*6 

138 

43’3 

i 73 

133 

90 

360 

29 

64 

124 

496 

46 

4 

2 7 

10 4 

4 

2 1 

8 4 

38 15 0 

40 O O 

84 0 0 

115 IOO 

56 

2 3 

6 60 

NOT RENDERED 

% 


15 O O 

17 10 0 

158 15 0 

236 5 0 

237 10 0 

281 10 0 

313 0 0 

Keyed 

Flettons 

Inner Rustic 
Flettons 

Outer. 








































33 and 34 

54-8 

219 

65*5 - 

104 

S 9'8 

239 

96 

121*5 

486 

30 

47 

168 

672 

34 

4 

2 7 

10 4 

4 

2 1 

8 4 

1 

51 0 0 

55 15 0 

113 5 0 

156 IO O 

38 

2 3 

4 5 o 

NOT RENDERED 


28 O O 

17 10 0 

i 

108 10 0 

209 5 0 

214 0 0 

271 10 0 

314 15 0 
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The most significant for purposes of comparison are those shown as based on E 
(Normal Time) since these exclude the influence of various extraneous factors 
which were not constant in all cases. The cost based on M (Total Site Time) 
is a less accurate measure of actual cost for present conditions than that based on 
H (Available Time), for it includes various additional time costs arising from 
the experimental requirements of the present work. 

Notes following Table 20 show the significance of each column of the table 
and indicate how each was derived from previous columns. It will be noted that 
throughout the table, the same basic information is translated into terms of Actual 
Time, Normal Time, Available Time, and Site Time. 


NOTES ON TABLE 20 


COLUMN 


HEADING 


(C) 

(D) 


Materials 


House Nos. 

ACTUAL PRODUC¬ 
TIVE TIME 

Hours 

Bricklayer- 

Hours 

Prevailing 

Rating 

Bricks per 
Bricklayer- 
Hour 


The alternative materials are described elsewhere in this 
report; the area of wall in each pair of houses was equiv¬ 
alent to 23,000 bricks and all calculations relating to 
output of work are expressed in terms of equivalent bricks. 

These refer to postal address and not to the numbers of 
houses studied. 

This time is the sum of all stop-watch readings taken on the 
Actual Productive work without reference to the prevailing 
“ Effort Rating ”. 

Actual Productive Time spent by the team of bricklayers. 

Actual Productive Time expressed in Bricklayer-Hours. 

These are the calculated prevailing “ Effort Rates ” taken 
house by house, based on the Actual Productive Time 
(See (B) ). 

The rate of block laying, expressed as bricks per hour for the 

respective houses, based on Actual Productive Time. 

D = 23,000 4 ~ B 


(E) 

(F) 

(G) 


NORMAL TIME 


Hours at 60 
Rate 

Bricklayer- < 
Hours at 60 
Rate 

Bricks per 
Bricklayer- 
Hour at 60 
Rate 


Actual Productive Time calculated to Normal or 60 Rate of 
“ Effort Rating ”. These are nett times and do not 
include Relaxation Time, Personal Allowances, etc. 

Normal Time spent by the team of bricklayers. 

Normal Time expressed in Bricklayer-Hours. 

The rate of block laying, expressed as bricks per hour for the 
respective houses on the basis of working at Normal Effort 
Rate, i.e. 60 rate. 

G = 23,000 4 - F 


(K) 

(L) 


AVAILABLE 
TIME 
Hours 
Bricklayer- 
Flours 
Equivalent 
Effort Rating 

Bricks per 
Bricklayer- 
Hour 


Total Time spent on the job, including non-productive time 
after the deduction of Unavoidable Delays. 

Available Time spent by the team of bricklayers. 

Available Time expressed in Bricklayer-Hours. 

These are the equivalent mean “ Effort Ratings ” per pair of 
houses calculated on the Available Time. (See (J)). 

K = 60 X F/J 

Rate of block laying expressed as bricks per hour for the 
respective houses, based on the Total Available Time. 

L = 23,000 4 - J 
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COLUMN 

HEADING 



SITE TIME 

Total time spent on the site (i.e. paid time) for the respective 
houses. 

(M) 

Hours 

Site Time spent by the team of bricklayers. 

(N) 

Bricklayer- 

Hours 

Site Time expressed in Bricklayer-Hours. 

(P) 

Bricks per 

The rate of block laying, expressed as bricks per hour for the 
respective houses, based on the total Site Time. 

Bricklayer- 


Hour 

BRICKLAYERS 

P = 23,000 -f- N 

(Q) 

Number 

Number of bricklayers employed in the team. 

(R) 

Wage Rate per 
Hour 

Wage Rate per hour for bricklayers. 

(S) 

Total Wage 

Cost per Hour 

LABOURERS 

Total wage cost per hour for bricklayers ; 

S = Q XR 

(T) 

Number 

Number of labourers employed. 

(U) 

Wage Rate per 
Hour 

Wage Rate per hour for labourers. 

(V) 

Total Wage 

Cost per 

Hour 

BRICKLAYING 

WAGE COST 

Total wage cost per hour for labourers. 

V •= T X U 

(W) 

On Actual Time 

Total wages of bricklayers and labourers for the respective 
houses based on Actual Productive Time. 

W = A (S + V) 

(X) 

On Normal 

Total wages of bricklayers and labourers for the respective 

Time 

houses based on Normal Time. 

X = E (S + V) 

(Y) 

On Available 

Total wages of bricklayers and labourers for the respective 

Time 

houses based on Available Time. 

Y = H (S + V) 

(Z) 

On Site Time 

SCAFFOLDING 

Total wages of bricklayers and labourers for the respective 
houses based on Site Time. 

Z = M (S + V) 

(a) 

Man-Hours 

Total productive time spent on erecting and striking scaffold¬ 
ing for each pair of houses. 

(b) 

Wage Rate per 
Hour. 

Wage Rate per hour for scaffolders. 

(d) 

Labour Cost 

RENDERING 

Total cost of wages for scaffolding (Cost of scaffold material 
not included). 

d — a x b 

'(e) 

Man-Hours 

Total productive time spent on external rendering and 


application of Rustic finish per pair of houses. 

(0 

Wage Rate per 

Wage Rate per hour for plasterers. This is a composite 

Hour 

figure for craftsmen and labourers. 

(g) 

Labour Cost 

Total cost of wages for rendering, 
g — e x f 

(h) 

Cost of Material 

Cost of materials for rendering per pair of houses including 

for Rendering 

the proprietary finish. 

(q) 

Cost of Mortar 

Total cost of mortar materials per pair of houses for brick 
and block laying. 

(r) 

Cost of Lintels 

Total cost of precast reinforced concrete lintels for each pair 
of houses. 

(t) 

Cost of Bricks 

Cost of bricks and blocks for each pair of houses. These 

and Blocks 

TOTAL COST 

prices are based on quantities for 50 houses in the Home 
Counties Region on 1st April, 1947.* 


Based on (A) 

= W + d + g+ h 4 -q + r + t. 


Based on (E) 

-X-fd + g + h+ q + r+t. 


Based on (H) 

== Y + d + g+ h+ q + r+t. 


Based on (M) 

==Z + d-f-g + h + cj-f-r + t. 


* Prices of Hollow Clay Blocks and Fletton Bricks are for the Central London Area. 
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